Objectives: The study's objective was to describe quantitative urethral function parameters in a racially diverse group of continent women.
T he importance of urethral sphincter neuromuscular integrity in maintaining urinary continence is widely accepted but poorly understood. Two major components of the urinary continence mechanism are the urethral sphincter, responsible for urethral closure, and the levator ani, responsible for bladder neck support. 1 Recently, DeLancey et al 2 compared urodynamic and clinical measures of urethral function and support in a large cohort of well-characterized women with stress urinary incontinence (SUI) with those in women without urinary symptoms. Urethral closure pressure alone predicted half of the occurrence of SUI, whereas measures of urethral support only predicted 16% of SUI cases. The authors concluded that maximum urethral closure pressure (MUCP) is the factor most strongly associated with SUI, and improving urethral function may have a therapeutic benefit.
Urethral closure pressure measurements as indirect measures of urethral sphincter neuromuscular function 3 are subject to artifact and vary based on the instrument used for measurement. Electrodiagnostic studies directly quantify afferent and efferent neural function and more directly reflect the neuromuscular integrity of the muscle under study. Electromyography (EMG) can differentiate neuromuscular injury from a primary muscle pathologic lesion, localize injury, and provide important information about chronicity and prognosis of the injury. Quantification of urethral EMG parameters in stresscontinent women may aid our understanding of the neuromuscular contributions to SUI etiology.
Most prior pelvic floor EMG reports describe consistent findings of denervation with reinnervation in the levator muscles of women with stress incontinence. 4Y6 Two studies reported urethral sphincter EMG findings from women undergoing SUI surgery. Fischer et al 7 found that women with preoperative intrinsic sphincter deficiency have evidence of more severe neuromuscular injury. 8, 9 We previously reported that women who undergo successful continence surgery demonstrate better activation of the urethral sphincter on EMG as compared with those with persisting SUI. These findings highlight the relationship between continence, neuromuscular integrity, and treatment outcome but are limited by a lack of normative data. In this study, we measured quantitative urethral function parameters in a racially diverse group of continent women.
MATERIALS AND METHODS
After institutional review board approval, we recruited asymptomatic adult women without urinary incontinence from the community using flyers and Web-based advertisements. To be included in the study as a continent control, participants were limited to those who answered ''never'' to the first 6 questions on the stress subscale of the Medical, Epidemiologic, and Social Aspects of Aging urinary incontinence questionnaire. 8 Research participants who consented completed demographic information and the short form of the Pelvic Floor Distress Inventory, a validated condition-specific bother questionnaire for pelvic floor disorders with 3 subscales: urinary, prolapse, and colorectal. 10 Race and ethnicity were determined by self-reporting according to the guidelines of the Office of Management and Budget Directive No. 15. Participants choose from 2 ethnic categories, namely, ''Hispanic or Latino'' and ''Not Hispanic or Latino,'' and from 5 racial categories, namely, American Indian or Alaskan native, Asian, black or African American, native Hawaiian or other Pacific islander, and white. Appropriate definitions were included in the questionnaire.
Participants also underwent standardized physical examination, including Pelvic Organ Prolapse Quantification. 11 After voiding, participants underwent catheterized postvoid residual urine volume assessment and urine dipstick analysis. Women were excluded if they reported a history of neuromuscular disease, prior continence surgery, or coagulopathy; had stage III or IV pelvic organ prolapse; were less than 6 months from their most recent vaginal delivery; were taking an anticoagulant medication; had an elevated postvoid residual urine volume or a urine dipstick positive for nitrites or leukocytes; or had urodynamic stress incontinence or detrusor overactivity. All eligible participants underwent standardized quantitative EMG and multichannel urodynamic testing in a birthing chair reclined to 45 degrees. Urodynamic evaluation was performed using LABORIE Dorado urodynamics (Montreal, Quebec, Canada) equipment and included retrograde filling cystometry at a fill rate of 80 mL/min, static urethral pressure profilometry, and vesical Valsalva leak point pressure determinations. An 8F microtip catheter (Millar Instruments, Houston, Tex) was placed in the vagina to measure abdominal pressure, and an 8F dual microtipped catheter with an infusion port was placed with the distal transducer in the bladder and the proximal transducer in the mid urethra facing 9 o'clock to measure vesical and urethral pressures, respectively. Detrusor pressure and urethral closure pressure were electronically subtracted and recorded throughout the study. Two MUCPs were determined at 300 mL with use of a profilometer set at a withdrawal rate of 1 mm/s and averaged for analysis.
Concentric Needle EMG
We performed 3 methods of concentric needle EMG of the urethral sphincter on all participants. Anesthetic cream containing 2.5% lidocaine and 2.5% prilocaine (EMLA Cream; Astra, Westborough, Mass) was applied to the external urethral meatus 20 minutes before the study to optimize participant comfort. We used a Medtronic Keypoint.NET EMG instrument (Medtronic Corporation, Minneapolis, Minn) equipped with automated software to perform multiple motor unit action potential (Multi-MUP) analysis and interference pattern (IP) analysis at baseline, and a Nicolet Viking IVp EMG instrument (Nicolet Instrument Corporation, Madison, Wis) was used to process EMG signals during filling cystometry. We used standard filter settings (10 Hz to 10 kHz) and an amplifier gain of 50.
A disposable 30-gauge 1-in concentric needle electrode was inserted into the striated urethral sphincter muscle using 3 different insertion sites: 12 o'clock (5 mm above the external urethral meatus), 3 o'clock, and 9 o'clock. The needle electrode was positioned at each insertion site using auditory and oscilloscope guidance. Three different insertion sites were used on each participant to ensure an adequate number of discrete MUPs were sampled for quantitative analysis. The Multi-MUP and IP analyses were done at each insertion site before repositioning the electrode at another site; the electrodiagnostic instrument stores MUP captured at each site for later review and averaging.
Multiple Motor Unit Action Potential Analysis
At baseline with the bladder empty, the Multi-MUP software on the Medtronic Keypoint.NET electrodiagnostic instrument automatically obtained amplitude (measure from positive to negative peak), duration (measure of MUP length from initial spike to terminal portion), phases (number of times MUP crosses baseline plus 1), turns (change in direction of MUP where amplitude changes by 100 KV), and percent polyphasia (percent of all MUPs that are polyphasic). Any MUPs with an unstable baseline were discarded as previous investigators demonstrated that unstable baseline precludes accurate analysis. 12 
Interference Pattern Analysis
With an empty bladder, we instructed participants to gradually ''squeeze as if they were trying to hold in urine'' to recruit more MUP and create an IP. The IP analysis was done at each insertion point during resting muscle activity and while the participant increased urethral sphincter muscle activity with a voluntary squeeze. At each site, a 500-millisecond epoch of EMG activity was automatically obtained and analyzed. The following EMG parameters were obtained: turns (change in direction of MUP where amplitude changes by 100 KV), amplitude, turns-amplitude ratio (measure of the number of MUP activated during muscle contraction), number of short segments (portion of EMG signal with sharp activity characterized by short rise times), percent activity (percent of time during an epoch that sharp activity occurs), and envelope (peak to trough amplitude exceeded by only 1% of the amplitudes during the epoch).
Quantitative MUP Analysis
The needle electrode was repositioned at the 9-o'clock position using auditory and oscilloscope guidance for the Multi-MUP and IP analyses. Maximum voluntary activity software on the Nicolet Viking IVp EMG instrument (Nicolet Instrument Corporation) was used to analyze the activity of the striated urethral sphincter during bladder filling. This automated motor unit analysis software program quantifies several EMG parameters using IP analysis. The maximum voluntary activity software measures the mean rectified voltage or the mean amplitude calculated over the entire tracing after the waveform is rectified. A recording of MUP activation was made with the subject at rest with an empty bladder and during filling cystometry to 300-mL bladder volume.
Data Analysis
Data were maintained in a Health Insurance Portability and Accountability ActYcompliant data set. SPSS Version 16 (Chicago, Ill) was used for data management and analysis. Histograms were created to determine if demographics and MUPs from Multi-MUP and IP analyses were normally distributed. Median (range) or mean (SD) are reported based on normality. Mean urethral EMG parameter data from the subjects were pooled to calculate mean, SDs, and 95% confidence intervals for each parameter. We used the independent Student t test to compare means of independent groups and the W 2 test of association to compare nominal data. Pearson correlations were used to assess the relationship between MUP parameter and age. We used a significance level of 0.05, and all tests were 2-sided.
RESULTS
Thirty-one women met preurodynamic inclusion criteria and underwent EMG and urodynamic testing. One woman had urodynamic evidence of detrusor overactivity incontinence and was excluded from analysis. The 30 analyzed continent subjects had a mean (SD) age of 39 (14) years and body mass index of 28 (9) . More than half (59%) had delivered at least 1 child vaginally with a median (range) vaginal parity of 1 (0Y4). The cohort was racially diverse with 13 (43%) white women, 13 (43%) African American women, and 4 (14%) women of other races. Four (14%) participants self-reported having Hispanic ethnicity. Mean (SD) age and body mass index for white and African American women were 49 (16) versus 36 (11) years and 27 (2.7) versus 33 (11), respectively. Fifty percent of white women were vaginally parous compared with 67% of African American women. Age did not differ by parity (mean [SD] age: nulliparous, 35 [10] vs parous, 41 [16] ; P = 0.280). Body mass index (P = 0.12, 0.06), age (P = 0.40, 0.64), or vaginal parity (P = 0.53, 0.76) did not differ by race or ethnicity. Table 1 displays questionnaire scores for the cohort, which did not differ by race or ethnicity. Table 2 displays urodynamic measures of urethral sphincter function for the cohort and by race. Table 3 displays EMG parameters for the cohort. We did not detect differences in any EMG parameters by race, ethnicity, or vaginally parity. A mean (SD) of 30 (17) MUPs was identified and analyzed in Multi-MUP analysis, and 14 (5) were identified and analyzed in IP analysis. On average, 37% (20%) MUPs were polyphasic. Age significantly correlated with several measures of urethral sphincter function. Increasing age was inversely correlated with IP turns (r = j0.57, P = 0.001), IP amplitude (r = j0.43, P = 0.02), IP turns-amplitude ratio (r = j0.54, P = 0.003), and MUCP (r = j0.41, P = 0.04). Similarly, MUCP correlated with IP amplitude (r = 0.38, P = 0.04). We used backward linear regression to determine if any demographic factors (race, ethnicity, parity), IP MUP parameters, or MUCP were independently associated with age. In the final model, only the IP turns-amplitude ratio (P = 0.008) and IP amplitude (P = 0.04) were independently associated with age. Figure 1 demonstrates the relationship between increasing age and IP turns-amplitude ratio.
DISCUSSION
Our findings are the first to provide urethral sphincter normative values using EMG with urodynamics in a racially diverse group of continent women. The mean and 95% confidence intervals are reported for each MUP parameter and can serve as normative values for future work on EMG findings of symptomatic incontinent women. We did not detect differences in EMG or urodynamic urethral parameters between continent white and African American women, suggesting there may not be measurable differences in urethral neuromuscular function in continent white and African American women. Weidner et al 13 recently reported similar findings in the urethras of pregnant nulligravid and primigravid women without pelvic floor symptoms. Using IP analysis in the urethral sphincter, turns and turns-amplitude ratio data (measures of motor unit recruitment) did not differ by race in pregnant women. However, in contrast to our finding, Weidner et al reported that African American women had larger amplitude MUP than white women, although the African American subjects in that study were more likely to be nulligravid, whereas we had similar proportions of nulligravid African American and white women. Although our inability to detect urethral MUP difference among white and African American women is similar to previous reports, both studies are underpowered to make definitive conclusions. However, these data can be used to power future studies specifically designed to look at racial differences. Consistent with neuromuscular changes elsewhere in the body, we found that advancing age was consistently associated with decreased urethral sphincter function. Previous histologic studies on female cadavers demonstrated a decrease in nerve and muscle fiber density in the striated urethral sphincter with advancing age and estimated that approximately 2% of striated urethral sphincter muscle fibers are lost per year. Perucchini et al 16 suggested that loss of muscle fibers with aging is consistent with the hypothesis that muscle loss is a result of neural injury but concluded that the way nerve injury would affect urethral function remains unclear. 14 Both MUP and urodynamic changes reflected poor urethral neuromuscular function. Older women demonstrated decreased MUP recruitment as measured by decreasing numbers of turns and a lower turns-amplitude ratio. This relationship between age and urethral function is consistent with urodynamic measures of urethral function, histologic studies, and clinical rates of stress incontinence. Similar to our findings, prior urodynamic studies consistently report decreases in urethral closure pressures in continent women with advancing age. 14, 15 Our urethral EMG data, which show MUP changes consistent with neuropathy, not myopathy, support that the histologic findings of decreased muscle are likely secondary to neuromuscular decline rather than a primary muscle pathologic lesion. 16, 17 The important association between MUP parameters suggestive of urethral neuromuscular dysfunction and age is consistent with clinical data, which show increasing rates of SUI with aging. In a large study of Norwegian women, Rortveit et al 18, 19 found no difference in the prevalence of urinary incontinence in women older than age 65 who were nulliparous or had delivered by cesarean or vaginally, although vaginal parity was a risk factor at earlier ages. Other investigators demonstrated similarly high stress incontinence prevalence in postmenopausal nuns and twins regardless of vaginal parity. 19, 20 Our study population had a mean age near 40 years, and given the prevalence of SUI, it is likely that some of these currently continent women will develop SUI.
Unlike other pelvic floor muscles (levator ani and anal sphincter), urethral function is commonly measured using urethral pressure measurements to quantify muscle function. The MUCP is one of the most common clinically reported parameters of urethral function, although data on the relationship between urethral pressure, urethral function, and incontinence severity are variable. 21 Similar to our findings, early studies reported that urethral pressure decreases with age, suggesting a decline in urethral function with aging. 15 Likewise, lower MUCPs are associated with higher failure rates after incontinence surgery. 22 At least some MUP parameters (IP amplitude) in our study correlated with MUCP, supporting the hypothesis that urethral EMG provides another measure of urethral function that is related to urodynamic urethral pressure measurements.
Motor unit action potential parameter differences were more likely to be significant in IP analysis than in Multi-MUP analysis. Motor unit action potential analysis identifies individual MUPs in a muscle. Interference pattern analysis describes the electrical activity of a muscle from weak effort up to maximal effort. Motor unit action potential analysis may reflect pathological changes in MUP recruited at weak effort, whereas IP analysis may reflect changes in MUP recruited in the whole force range. Reinnervation changes may be more prominent in MUP activated at higher levels of muscle force generation; therefore, by analyzing different MUPs, the techniques together may offer additive insight into neuromuscular function. Other investigators have reported similar findings in the external anal sphincter, 23, 24 suggesting that MUP changes associated with reinnervation may be more prominent in MUP activated at higher levels of muscle force generation. Therefore, IP analysis may be a better method to detect small changes in MUP parameters.
The strengths of our study include collection of prospective urethral EMG data in a racially/ethnically diverse group of nulliparous and parous women. We used standardized quantitative EMG software allowing for comparisons of our data with previous EMG data in the external anal sphincter. Our conclusions are limited by a relatively small sample size that does not permit adequately powered comparisons between subgroups; however, these data can be used to power future comparative studies.
CONCLUSIONS
The urethral neuromuscular function data from the largest cohort of continent women fully characterized with quantitative urethral EMG demonstrate that significant neuropathic MUP changes occur with advancing age. These findings support histologic and clinical data that age-related neuromuscular decline affects the urethral sphincter and may be associated with an increasing prevalence of urinary incontinence symptoms. Urinary incontinence may be amenable to targeted therapy, such as neural therapies directed at prevention and/or repair of neuromuscular function to improve urethral sphincter function.
